Purpose To compare aneuploidy rates in first trimester pregnancy losses following IVF ± ICSI. Methods A retrospective cohort analysis of karyotypes of abortuses following conventional IVF (n = 159) and ICSI (n = 196). Results 50.1% of losses were found to be cytogenetically abnormal among all patients undergoing IVF ± ICSI. A significant increase in fetal aneuploidy rate was noted with increasing maternal age (<30 years = 26.1% vs. 31 to 34 years. = 38.2% vs. 35 to 39 years. = 51.3% vs. >39 years. = 65.9%). Aneuploidy rates were similar in the ICSI vs. conventional IVF groups (52.6% vs. 47.2% [p 0.31, RR 1.11, 95% CI 0.90, 1.38]). More sex chromosome anomalies were noted in the ICSI group. Conclusions The aneuploidy rate in first trimester abortuses significantly increases with increasing maternal age. ICSI was not shown to significantly increase the aneuploidy rate.
Introduction
First trimester miscarriage is the most common complication of human reproduction with an incidence ranging between 50% and 70% of all conceptions. Of all clinically recognized pregnancies, 10% to 15% end in miscarriage. Aneuploidy is found in the majority of first trimester miscarriages; multiple cytogenetic studies have demonstrated aneuploidy rates ranging from 50% to 80% in various populations [1] [2] [3] [4] . Autosomal trisomies are the most frequent karyotypic abnormalities; however, polyploidies, sex chromosome monosomies, and structural rearrangements account for a substantial number of miscarriages [2] . Several studies have demonstrated increasing miscarriage and aneuploidy rates with increasing maternal age [5] [6] [7] .
The literature on pregnancy outcomes after intracytoplasmic sperm injection (ICSI) is limited and inconclusive concerning the risk of miscarriage and aneuploidy. ICSI bypasses natural selection mechanisms and could potentially lead to higher first trimester aneuploidy rates [7] . The theoretical procedure-dependent risks include (i) physical or biochemical disturbance of ooplasm or the meiotic spindle, (ii) injection of biochemical contaminants, (iii) injection of sperm-associated exogenous DNA. Procedureindependent risks include (iv) injection of sperm carrying a chromosomal anomaly, (v) transmission of genetic defect, which may be related to the underlying male factor infertility, (vi) male gamete structural defect, (vii) anoma-lies of sperm activating factors, (viii) potential for incorporating sperm mitochondrial DNA, and (ix) female gamete anomalies [8] .
A recent follow up study of 150 children conceived through ICSI found that major congenital malformations were significantly more frequent when compared to children who were spontaneously conceived; however, no major delays in motor and mental functions were identified [9] . Likewise, a large prospective, controlled, multicenter, nationwide German cohort study found a significantly higher major congenital malformation rate among ICSI offspring [10] . A recent review concluded that chromosomal and genetic abnormalities are increased in ICSI offspring as a direct result of underlying parental risk [11] . Furthermore, higher incidences of de novo sex chromosomal aberrations [12] [13] [14] , inheritance of CF mutations and Y microdeletions [15, 16] and spermatozoal aneuploidy [17] have been reported following ICSI procedures. ICSI has also been linked to greater embryo fragmentation and lower embryo grade; however, this did not negatively affect implantation or pregnancy rates [18] .
Currently no consensus exists on preconception diagnostic evaluation of infertile males. Studies of sperm from infertile men have uncovered an increased frequency of aneuploid sperm, particularly in patients with abnormal semen parameters [19] [20] [21] . A recent review found that the use of ICSI is increasing for indication other than male factor infertility [22] .
Several studies with small sample sizes have examined cytogenetic results of missed abortions following IVF and ICSI. The results from these studies have been contradictory. Lathi et al. found a significantly higher aneuploidy rate among 21 pregnancies resulting from ICSI [23] . Ma et al. found similar rates of aneuploidy among 34 conventional IVF and 46 ICSI pregnancies [24] . Another study examined the frequency of numerical chromosome anomalies in paternal-derived pronuclei after ICSI and IVF, and found no increase in the rate of autosomal aneuploidy but a higher incidence of sex-chromosome aneuploidy was seen in the ICSI group. Furthermore, this study found no correlation between aneuploidy and severity of male factor infertility [25] .
Multiple studies have examined spermatozoa from infertile men as well as karyotypes of fetuses conceived through ICSI. However, very little data exists regarding miscarriage following ICSI. One recent study found similar miscarriage rates following conventional IVF and ICSI; however, the authors did not attempt to account for the cause of the miscarriages, particularly aneuploidy rates [26] . The aim of this retrospective study is to examine karyotypes of missed abortions following conventional IVF and ICSI to determine if there is a significant difference in aneuploidy rates.
Materials and methods

Population
From a retrospective cohort analysis of all autologous oocyte IVF cycles ending in a clinical first trimester abortion with a subsequent dilation and curettage performed at Reproductive Medicine Associates of New Jersey from January 2000 to December 2006, 504 patients were identified. From these 355 patients with a first trimester pregnancy loss followed by a dilatation and curettage and successful cytogenetic analysis of the abortus were identified.
Experimental design
This is a retrospective cohort analysis comparing the cytogenetic analysis results obtained in first trimester losses between IVF and IVF with ICSI ART cycles. The main outcome measure was aneuploidy rate. IRB approval was obtained from the Western Institutional Review Board, Olympia, WA.
Patients underwent stimulation with a variety of stimulation protocols including GnRH-a (Lupron; TAP Pharmaceuticals, Deerfield, IL) down regulation followed by stimulation with exogenous gonadotropins or stimulation with exogenous gonadotropins followed by use of a GnRH antagonist. When ultrasonographic criteria for follicular maturity were met, a single 10,000 IU dose of human chorionic gonadotropin (hCG) was administered. Transvaginal follicular aspiration was performed approximately 36h after hCG administration. Embryos were transferred 72 to 120h after follicular aspiration.
Documentation of normal uterine cavity anatomy was established by saline sonohysterography or hysteroscopy within 12months prior to the initiation of the IVF cycle.
Sperm preparation and fertilization
Fresh ejaculated samples were evaluated by standard andrological screening (volume, count, motility, progression and Kruger morphology) [27] . Following this analysis, the semen samples were prepared for conventional or ICSI insemination by density gradient separation followed by a swim up purification step. Specimens with less than 2 million motile spermatozoa per ejaculate and/or abnormal morphology greater than 95% were considered insufficient for standard conventional in vitro fertilization, and were treated with ICSI. No testicular biopsy or sperm aspiration procedures were included.
For conventional insemination, oocytes were exposed to motile sperm 4 to 6h post oocyte retrieval. For ICSI, oocytes were denuded of cumulus-coronal cells by exposure to hyaluronidase and gentle aspiration of oocytes with a finely pulled pipette to remove residual cumulus-coronal cells and were then injected 6 to 8h post oocyte retrieval. Fertilization was confirmed 16-18h post insemination by the confirmation of two distinct pronulei and polar bodies and the embryos were placed into culture according to established laboratory protocol [28] . Embryonic division and morphology was evaluated every 24h thereafter until embryos were deemed suitable for embryo transfer or cryopreservation.
Statistical analysis
Sample-size determination was based on a presumed aneuploidy rate of 50% in the conventional IVF group and 70% in the ICSI group. A sample size of 208 patients (104 patients in each group) was targeted to be able to detect a difference of at least 20% between the groups, with α (type I error) set at 0.05 and 80% power.
Cytogenetic results were compared with respect to the type of ART procedure (IVF ± ICSI) to assess the primary outcome measure of aneuploidy rate in the abortus. The aneuploidy rates were then calculated for each treatment group. Differences in aneuploidy rates were analyzed using a Chi-square or two-tailed Fisher's exact test where appropriate.
Data were analyzed by using a t-test for continuous distributions and a Mann-Whitney Rank Sum Test for noncontinuous distributions. An alpha error of 0.05 was considered significant for all comparisons. All data are reported as means with their associated standard deviations. Relative risk and 95% confidence intervals are shown where appropriate.
Results
We reviewed the electronic charts of all the patients who underwent IVF treatment with autologous oocytes and subsequently had a first trimester loss followed by evacuation of the pregnancy and karyotyping of the abortus. There were 355 pregnancies identified having a first trimester loss followed by a dilation and curettage and successful cytogenetic analysis. Patients were grouped by type of treatment (Conventional IVF n = 159 and ICSI n = 196) and by cytogenetic results (normal n = 177 and abnormal n = 178).
Patients were further subdivided by maternal age into the following groups: (<30 years, 31 to 34 years, 35 to 39 years, and >39 years). Cytogenetic results were further subdivided into normal female, normal male, 45 XO, autosomal trisomy, 48 chromosomes and other aneuploidy.
The mean age of the female spouse was 36.6 ± 4.1years (range 26 to 46 years). The mean age of the male spouse was 38.3 ± 5.4 years (range 26 to 71 years). The patient demographics, semen parameter results for the specimen used for fertilization on the day of oocyte retrieval, number of embryos transferred, as well as initial β-hCG on days16 and 18 after hCG administration are shown in Table 1 . The study population's demographics were similar for both groups evaluated. Semen parameters as expected varied significantly between the conventional IVF and ICSI groups.
Overall, 50.1% of the miscarriages were found to be cytogenetically abnormal among all patients undergoing IVF. A significant increase in fetal aneuploidy rate was noted with increasing maternal age (<30 years = 26.1% vs. 31 to 34 years. = 38.2% vs. 35 to 39 years. = 51.3% vs. >39 years. = 65.9%). Table 2 summarizes the distribution of cytogenetic results for all of the pregnancies examined in the study. The distribution of cytogenetic results was similar in the two groups; however, six sex chromosome anomalies were noted in the ICSI group vs. none in the conventional IVF group.
Aneuploidy rates were similar in the ICSI and conventional IVF groups (52.6% vs. 47.2%) (p 0.31, RR 1.11, 95% CI 0.90, 1.38). Autosomal trisomy was the most common aneuploidy. Among the miscarriages with normal cytogenetic results, 75% were found to be normal male and 25% were found to be normal female karyotypes. Among the miscarriages with cytogenetic abnormalities, 50.5% were found to be abnormal female while 46.1% were found to be abnormal male and 3.4% had sex chromosome aneuploidy. Figure 1 reveals aneuploidy rates in the ICSI and the conventional IVF groups subdivided by maternal age group. There was no statistically significant difference in the aneuploidy rates between the two groups in any of the maternal age categories.
Discussion
Our data did not reveal a statistical difference in aneuploidy rates between conventional IVF and ICSI groups. However, more sex chromosome anomalies were found among pregnancies resulting from ICSI; this finding confirms previous studies [12] [13] [14] . The most common abnormal karyotype encountered was autosomal trisomy in both groups. It is critically important to consider maternal age when performing an analysis of first trimester pregnancy loss. Our data confirms previous studies in demonstrating a dramatic increase in aneuploidy rates with increasing maternal age in both the conventional IVF and ISCI groups [5] [6] [7] .
Among normal cytogenetic results, normal female karyotype was found three times more frequently than normal male karyotype. This finding may represent predominance of maternal decidual cells in culture or absences of products of conception in the D&C sample. However, the sex ratio among abortuses with aneuploidy was equal. This group should not be affected by maternal cell contamination and represents the actual sex ratio in the abortuses. It is possible to eliminate the false negative results due to maternal cell contamination by sending maternal blood to the cytogenetics laboratory along with products of conception for comparison analysis.
Interestingly, the aneuploidy rate in females younger then 30 years was only 26.1%, indicating that other mechanisms account for pregnancy loss in this population. While aneuploidy accounts for the majority of miscarriages in older females, first trimester pregnancy loss remains poorly understood in young patients. Our population underwent extensive testing and treatment prior to undergoing IVF to improve likelihood of a favorable pregnancy outcome. This included optimization of the uterine cavity and correction of major medical problems. The cause of miscarriage in young women remains elusive and is an area for future research.
ICSI is an effective modality for treatment of couples with male factor infertility. The data presented here support that aneuploidy rates following ICSI are similar to those following conventional IVF. However, more sex chromosome anomalies were found among pregnancies resulting from ICSI. Values are number of patients and (percent) with given cytogenetic result RR relative risk 95% CI -95% Confidence interval
